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AM ADTCMATIO PILOT TOR BOOBS GXJDB-BOIB0 

| 

1.    Introduction 

Aa autoaatlo pilot mi developed by the national 

of Btaadarda la connection with the guided alaaile projects 

apoaaored at the Bureau by Divlaloa 0, Hatloaal Defence 

Baaaareb Ooaalttee (Waahlngton Vrojeot).   Ibla aute-pllot 

baa baaa uaad auooeaafully to atabillM the glide boaba 

developed at tha Batlonal Bureau of Standarda la oonneotlon 

with tola project, aad a« aa iategral part of their control, 

either aa reaote radio controlled or aa hoaiag boaba*   taa 

produetioa SWOB Mark 9 Mod 0 Bat waa equipped with tale 

auto-pilot. 

Xarly flight toata, conducted by tha Batlonal Burean of 

Standards, proved that aoaa sauna of automatically etabills- 

lag tha glider waa eaeeatial.   Tha need for automatic atabl- 

liaatloa la roll arlaea partly from the faat that tha glider 

reapoada vary oulekly to rolling aoaeata applied by tha 

aoatrol aurfaoea.   furthermore, aiaoe it la lapoaalble to 

trim the glider perfaotly before it la lauaohed from tha 

•other plane, aa iamediate corrective aotioa by the aoatrol 

aurfaoea la required when the glider la launched to balanee 

the rolling aoaeat arlalng froa thla ialtlal uabalanoe la 

trim. 
Oartaia baale raeniraaaata reatrlot tha ehoiee of aa 

autoaatlo pilot aultabla to thla particular problem.   Taa 
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auto-pllot auat ba oapabla of kaaplng tba glidar atabllisod 

without any taadaaay to davalop an undsapad oaolllation of 

largo anplltado. Also it nut aabody Mans for allowing tba 

glidar to axaauto, without aapsislag, sorraotlTa aaammrs as 

dlraotad by tba iatalligonoa davloa. Tba also and waigM 

of tba ante-pilot, togsthar with aaeasaory aqulpaant, anst 

bo aoaaldarably laaa than that of any of tba autoaatla pilot* 

on—mil/ uaad oa alroraft. Za addition, operational 

slasretlons aaka it daalrabla that tba auto-pilot ba 

and alnple la aoaatraatloa, that it require llttlo or ao 

adjuetaant la aarvioa, and that it oparata satisfactorily 

uadar extreaes of high and low tawparatura aad high hwaldlty. 

It anat aalntala it* original adjustments aftar haying 

aubjaotad to ordinary handling during ahipaaat owar long 

dlatanoaa and aftar baTiag baaa atorad for long periods. 

There ara two typaa of gyroaoopla whloh 

ba uaad la autoaatla pilotai ily, tha free-gyro typa 

tba rata-gyro typa. Tba free-gyro typa aoataiaa a rotor 

whioh la aouatad la doubla giabals ao that tba rotor azia 

will maintain ita oriaatatloa flzad la apaoe, ragardlaaa of 

ohaagaa la tha oriaatatloa of tha glldor la apaea. There- 

fora, tha "plok-ofl" from a fraa-gyro typa auto-pilot will 

raapoad to angular donations of tba glidar froa a fixad 

rafaraaoa plan* la apaaa. This typa of auto-pllet is 

ossaatlal if it la daairad to aaka tha glidar fly a 
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wltaoat the aid of eerreotioa algaala froa MM 

of iatelllaeaee.   Although th* free gyro bu the 
aftfaatage of prerldiag a fixed rofereaoe plan* la epaee for 

of taJdag off ooatrol laforaatloa, it aloe has 
eevarel dlaadrantagea.   A eaglag •eehaaiaa anat to provided 
to ereot too syxo rotor aefore the glider la raloaaod from 
too aether plaae, aad tbo aaaawraraUli^r of tha glider la 
fUCBt la roatriatad to the aagular Uaita of fraadom pro- . 
Tided la tao gyro glaoala.    If these lladta ara exoeeded, 
tao gyroeeople rotor *taaalea*, aad all etaalliaatioa 
lafa ttioa la loot. To dlae violeat aadaapad oaoil- 

latieaa, tao type of oatoaatlo pilot anat 

typo of "foil— up" afelea, offootlvalf, 
•Jill diaplaoo tao raforoaoo poaitloa for taking •** ooatrol 
laforaatloa froa tao 

rofo: 

ahiah will toad to « 

that la 

dlaplaaoaawt oa tao ooatrol 

poaitloa la diaplaaad la a dlrootioa 

of the ooatrol appliod . 

to taa ooatrol aorfaaoo. If It la doolrad to oheago tao 

eearae of a free-gyro etablllsed glider, tao raforoaoo 

poaitloa for "pioklag off* ooatrol aieaala la, la offoet, 

poraoaoatly diaplaood la tao proper dlrootioa aad at a 

aafo rate. 

tao rate typo of gyro eaftodlea a auieaanl 

la aot allowed to keep ita axle of epia 

GOiriDlltlil 



«0IIID1ITI1L 
- « - 

Xastoad, ths gyro is forest to amintala the orientation of its 

rotor azia fixed with raanaet to tha slider,   then tha glider 

ohangee orientation so aa to fores a ehange la tha orlentatlea 

of tha rotor axis la spaas, a praoossloaal torque la create* 

ahlsh toads to tilt tha rotor axis about aaothsr axis uhleh 

is perpendicular to both tha rotor axis sad to tha axis about 

uhleh tha glider ohaagea ite orientation.   Bat sinee, la 

astoal aoastrostioa, tha rats gyro is built with its rots* 

axis suspended la a alaglo spring-eentered glabal, tha rotor 

is fros to praosss about only oao axis—tha glabal pivot 

Also, a prooossioa of tha rotor oaa bo produoed oaly by tui 

lag tha iaatnaMBt (thus tha glider) about tho axis wnloh la 

psrpsadisular to both tha rotor axis ead tha glabal pivwt* 

axis.   If tha glider turaa about aoaa otbar axla, thaa only 

ths aoaponaat of turn la tho axla perpoadieular to tha rats* 

axla and tha glabal pivot axla is effootlve la produolag a 

prooossioa of tha rotor.   If tha rotatloaal apaad of ths gyro 

raaaias constant, ths prsesssioaal forss la dirsotly propor- 

tional to tha rats of turn of tho glider; and, of oooxao, 

tha direction of tho praosasional foroo dapoads upon tha 

dlrootloB of turn of tha glider. 
Tha rat* gyro haa several advantages over tha frao gyrot 

Slaoa tha rato gyro moroaent la spring oontarod and la alloaad 

to dsfloot only a aaall no oagiag devloe la reaulrea 

to orsot ths rotor,   Furtheraore It asoossltatsa no angular 
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limitation oa the motion of the glider, beoause a rat* gyro 

rotor ••wot "tumble" oor bee. ineffective. Since the 

response of the rat* gyro to ohangee la attitude of tbs 

glider Is much quicker than that of tin fro* gyro, there 

need b« no "follow-up" mtohaniaa to dlsoourage undamped oscil- 

lations. A rate-gyro oontrol haa no "memory", it will give 

Information that oan own the oontrol aurfaoaa to HOT* so as 

to resist ohangaa In the attitude of the glider, but one* that 

attitude has bean ohanged, the gyro will try to keep the 

Slider la its new attitude, rather than make the glider ro- 

to Its original attitude. However, a lory" !• not 

required • honing device or other souroo of lntolligenoo 

is prosent whloh oan give dlraotional orders to the gyro. 

Upon the basis of the foregoing eonsiderations, it 

decided to us* the rate gyro aa the basis for an automatle 

pilot. As it was desired to develop the autonatlo pilot in 

* period of a few months, it •d Imperative that sc 

already proeurablo instrument be modified for our purposes. 

A standard aireraft turn lndleator was chosen. This type of 

«t had been proven by of servloe to be a 

and dependable instrument, under the Identical operational 

•oaditlons required for the auto-pilot. In addition, th* 

modification required rather simple and fsasiblm. 

In the early experimental work, standard Bendix turn 

lndloat modified by tb» laboratory shop or uador 
OOHTISIITIAl 
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contract by Bumble Oil Ooapaajr.   Later tint Bwidix Aviation 

Corporation built the oomponent gyros for the autonatlo 

pilot, redesigning the experimental motel In eortain details 

to facilitate production and to improve perfc 

»»   Description md Qporation of tho Control Qyro 

The basis oomponent of tho antoaatlo pilot is the 

ooatrol gyro.   Tho auto-pilot oootaina two of these eoatrel 

gyros; namely, tho torn gyro ana tho oltoh gyro, whioh aro 

named for thoir funetlon, aa wall aa a third gyro oallod a 

biaa gyro, tha fonotion of whioh will be explained latar. 

figure l ahowa a akatoh of tha esaantial elements of tha 

oontrol gyro; flguroa 2 and 3 enow a photograph of a "euta- 

way" oontrol gyro; and figure 4 ahowa a eoaplata ooatrol gyve* 

Beforring to figura 1, it la aaan that tha gyroaeopio 

whool (spinning about axia XX) is mounted in a alnglo glabal 

fraaa whioh oan rotato only about its plTOta (axis zs).,   A 

praoaasional torque that will oausa tha gyro rotor and its 

glabal fraaa to rotate about tha glmbal pivot axis ZZ. la 

oroatod whan tho oontrol gyro ia turned about its vertlwal 

axia (axis XT).   Any notion (of the glider) affooting the 

gyro met haTo a rotational ooapoaeat about thia axia 

(axis XT).   The direction ia whioh the gyro preoesses about 

lta glabal pivot axis (axis ZZ) reverses whenever the 

angular notion (of the glider) oauaiag the preoessioa 
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reverses; the strength of the torque oausing the gyro to 

P»MII is proportional to the rate of the angular motioa 

(of tho glider) esnslng precession; and tho preoessloatl 

torque persist* at leas a* tho angular action (of tho 

filter) causing tho prsosssloaal torque persists. 

Tho gyro rotor is driven at a eoaotant spsed by tho 

aotloa of aa air-Jot upon who rotor.   Suotlon for tho purpose 

of operatise tho jot Is protases, by s venturi tube mounted 

os tho outside of tho glider Is the wind stress..   A pressure 

regulator os the gyro aalatalns the pressure la the gyro 

chamber at two lashes of mercury below that of the sur- 

rounding atmosphere. 

To obtain control infoxaatlon froa the gyro, a oostaot 

era Is fastened rigidly to the gyro glabal frame and is 

loested between two oontaets which are fastened to the gyro 

eass*   Potation of the gyro glabal frame oa its pi-rots is 

constrained by these oontaets to loss than a degree either 

way froa the,center position that is fixed by the centering 

spring.   When the gyro contact era touches one of its con- 

tacts, a magnetic dutch in s servo motor is energised.   The 

ssrvo-aoter then mores the control surfaces of tho glider la 

a direction that will oppose tho disturbance which caused the 

gyro to make contact.   It is evident that the gyreseoplo 

action, together with the "pick-off" on the oontaota will 

give inforaation that sen be used to keep the glider from 

0 OlflDlIlIll 
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changing orientation about any desired axis. 

11M meohanioal signal resulting from the gyrosoopio 

motion la combined with the alootrioal signal from tha radio 

or ottaar dlrootlonal oontrol devioe by paasing tha alaotrloal 

oontrol algnala through thai appropriate ona of two opposing 

electromagnets aountad in tba eoatrol-gyro oaaa.   As illus- 

trated by figure 1, these electromagnets, whan energised, 

apply a magnetio foroa to the biasing lever, whieh in turn 

meohanloally transmits the force through the lever to the 

gyro-rotor glmbal frame.    Tons the direotion in whloh the 

gyro-rotor glmbal frame rotates about its pivots depends 

upon the algabraio sum of fens torque applied by the biasing 

eleotroaagnets and the preewssional torque applied by the 

gyrosoopio aotlon. 

In one type of glider Installation, tha j'a*-e ourrent 

from eaoh side of a differential amplifier is fed direotly 

through tha gyro biasing eoils.   Whan the glider is flying 

exactly on tha desired oourse, the plate ourrent in eaah 

side of tha differential amplifier is the same (4 ailli- 

aaperes); hanoe tha magnetio pull of the two opposing 

eleotroaagnets on the gyro lever arm la balanced, and no 

biasing torque is transmitted to the gyro glmbal frame* 

Tor such a oondltlon, the gyrosoopio torques alone determine 

whloh oontaet will be made and the glider will be made to 

oontinue on the same oouraa.   If, however, the glider 

C0HTIS1IIUI 
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deviates free tte desired •oars*, tte ourrent in ou side of 

the differential amplifier drop* and tte enrrent la tte otter 

alto rlaea.   Tte magnetle pill of tte biasing eleotroaagaeta 

la then no longer balanced, tM a blaalng torque la trans- 

mitted by tte lever 

tte global f x 

to tte gyro glmbal 

to rotate aad 

Ibis 

a ooataot whiob 

will osnse tte glider to eorreot for tte arror.   As tte 

glider •orraota, a praoaaalonal torqae la erected which 

opposes tte blaalng torqae of tte electromagnets.   If tte 

glider responds with too high a rate, tte gyrosooplo torqae 

vi.il besoms larger than tte magnetic torque, aad tte opposite 

gyre ooataot will bo aado, oenalag a reversal of tte oovtrola. 

Tte differential current of the differential amplifier 

iaareaaea gradually aa tte glider deviates from the desired 

until, when tte latter reaetea en angle off eoorae of 
saturated, and say 6*, tte differential amplifier bee 

farther deviation will not lnoreaae tte blaalng torque 

applied by tte blaalrg electromagnets.   81noe tte rate 

tte gyro will allow tte glider to respond depeada upon tte 

strength of tte blaalng torque applied by tte electromagneta, 

tte gyro allows a rate of eorreotion that la proportional to 

tte error la eoorae until tte eoorae error reaetea tte •aloe 

to sataratioa. 
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8. Description and Operation of the jg*^*^ w^t 

The automatic pilot consists of throo gyrosooplo units, 

namely: the turn gyro, tho pltoh gyro nod the bias gyro. 

These units, together with thalr associated oleotrloal and 

vaouum systems are mounted on a metal auxiliary bulkhaad. 

The auxiliary bulkhead la mounted on the baek of the main 

bulkhead of the glider aa shown by figure 5. 

Perhaps the most Important unit of the auto-pilot ia 

the turn gyro. It ia the only gyro that la needed for main- 

taining tho glider in stabilised flight. The other gyro-units 

are neoeaaary only for the purpose of damping out eertain 

undeairable oscillations. The turn gyro la mounted in the 

glider aa shorn by figure 6 with its gimbal pivot axis pointing 

forward and upward about IB*. Tilting the gimbal pivot axis' 

upward this amount makes the gyro, in addition to being mainly 

sensitive to the yawing or turning motion of the glider, about 

one fourth aa sensitive to the rolling motion of the glider 

as to the yawing motion. Closing the turn gyro oontaots 

onuses the servo-control unit to move the elevens differen- 

tially and thereby produce a rolling motion of the glider. 

Since the gyro Is linked to the servo system so that Its 

signals will oppose any motion which onuses its rotor to 

process, the turn gyro will endeavor to make the rates of 

roll and yaw beoome sero. Because a ssro rate of yaw Is 

obtained only when the angle of bank is sero, the gyro will* 

0OIIID1KTI11 
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witUA tha 'Malta of its aMwitmty, oAintain the glitase 

•la atvaigfali iiaa f light wte» a© oorr«eti« •bias is ®ppli«4 

by tfca infealUganaa -&aYioa.«   flaaM a eoatrol signal txm. tto 

latftlHgMM* da-rioa oalla for a tern, the turn gy*o allow* 

tha glitor to bank until an &mgl<» of hauls is attained at 

whiea the glitos'will turn Cor yaw) at a safftoiaat rate to 

PKOTC& •a<*gh;s»ee88ioMl iewt for'the gyro to.ovareone 

the «aga»tl© "bias"of-tha Intelligent© signal*   As loag m 

thai biin' •oiuaiift.^.bjr ttoft ':iBb.a.lllgaaea signal persists, th« 

aagli of .toa)5lc'wtil sarelat.   Thus tha aaxlaiM angl® of haate 

of tha glider will h® that' -angle of hank whieh will produce 

a rate of yaw stiffie'leai to o.aus© aneugh pEeeaasioaal foree 

to oreroone' tha.'st&Jsnetlci"bia8 eaused "by,a saturated intelli- 

gence aignal.    Sinoe'tne' ten ©go is also sensitive.to roll, 

it will staitanaouily limit tha rat® at wnieh the glider 1B 

allowed to aaaune its final angle of bank.   It is aeeessary 

to limit tha rate that the'glider is allowed to. hank in os?dar 

to eliainate tha &as*« of the glider orarahootlttg Ita maxfaWJ 

angla of basis m& rolling o^ar ox of developing a violent roll 

©selllatloa* 

Lik® the turn gy»s the pitch gyro la-of the oontrol-gyro 

type.   It- 1B moanted la the glldar as *.owa by figure 6 so 

that it i® aansltlta to tha aagalar rate of pitch.    Its 

pmspose is to damp pifeea oaolllationa.    The notion of the 

eleTona aecasswy to change-tha lift ooatfloient of tha 

'e OIHDSKTUI, 
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glider (1.*. that aotion where both elevona move cither up 

or down together) 1* controlled by the pitch gyro eontaota, 

•ad the intelligence signals calling for a ohange of glide 

path angle paaa through the blaalng solenoids of tha pitch 

gyro.   The rata that the glidar la allowed to pitch la 

limited by the pltoh gyro la direct proportion to tha atraagth 

of tha intelligence signal biaa and thus to tha pitch error. 

The other gyroaoopio element of the automatic pilot la 

tha biaa gyro, shown in figure 7.   The biaa gyro la need to 

prorlde a damping effect upon the aotion of tha turn gyra 

for the purpose of damping oaolllationa in aslmuth about tha 

desired flight path.   The biaa gyro la of the same type aa 

the other gyroa except that tha biasing eleetromagnets and 

their associated mechanical linkage are omitted.    It la 

mounted la the glider aa shown by figure 6 so that tha glabal 

piTot axis la coincident with the roll axis of tha glidar. 

When mounted in thia fashion, tha biaa gyro la insensitive to 

tha roll and pitch motion of tha glider and sensitive only to 

the yam motion.   Whenever the glidar makes a turn manuavar la 

order to oorreot for an aclanth error in the flight path, a 

oontact la olosed in the biaa gyro which onuses one of the 

two biasing electromagnets la the turn gyro to be ahunted 

with a 9000 ohm resistor, thereby diminishing the strength 

of the our rant from the "homing" intelligence in that electro- 

magnet.   Tha biaa gyro always shunts tha turn gyro 

0 OlfTDlIlIil 
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•lMtitMgMt whloh oomQMli to tlw dlraotloa that tha 

glidar happaaa to bo yawing at tha aoaoat.   Thua tha blaa 

gyro alwaya fao&a baale a blaa whloh oppoaaa tha yawing ao- 

tlon of tha glldor, whlabOTar way it may ha, aad owing to 

ita aatloa tha aaaaa of tha ooatrol lapraaoad upon tha 

tan gyro by ita alaatraaagnata will ravaraa ita dirootloh 

baforo tha aaaaa of tha signal from tha honing dorloo 

rararaaa.   Ihia anticipatory aatloa la vary offoatlvo for 

dampiag yaw oaolllatlona. 

4.    Datallad Daaarlatlon of tha Ooatrol OTTO 

Tha gyroaaopio alaaant af tha ooatrol gyro la tha aama 

aa that la tha standard Bandlx Tom aad Bank Indicator, and 

la ahown la flgura ft.   Tha gyroaaopio rotor baa a await of 

laartia about ita apln azia of aboat 0.00008 alng ft* aad 

la drlrsn at a apaad of about 8000 r.p.a. by tha aatloa of 

aa air Jot atxHdag tha baakata looatod oa tha rin of tha 

rotor.   Tha tiao ooaataat of tha rotor for laaraaalag ita 

apaad la approxiaataly 40 aoaoada.   Tha praaauro ragulator 

aalntaiaa tha gyro ourity praaauro at 8 laohaa of aaroury 

bals* tha outalda atawapharla proeaara.   At thla praaoara 

about 0.5 au ft af air par alaato la paaaad through tha air- 

jot aoaala aad air latakO flltor.   Tha raliaf ralra la tha 

praaoara rogulatov will offoatlToly Maintain a ooaataat 

cavity praaaura for amtoa of flow through tha raliaf walva 
QOirimifni 
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of O to 0.7 eu ft/sin.   Tims effeotlve pressure regulation 

is maintained when the rate or exhaustion from ttaa gyro 

oavity of eaoh gyro ia leapt batman 0.5 and l.£ ou ft / ain.( 

otherwise tha oparating praaaura will either drop appreoiably 

balow a inohaa of meroury or will riaa abora 8 inches of 

Tha gyro rotor ia suspended in a global frame whloh Is 

fraa to turn on tiro glmbal-pivot baarings about an axis par- 

pandioular to tha axis of rotation of tha wheel.    Tha move- 

nant of tha gyro gimbal fraaa ia dampad by tha action of an 

air damping piston and oylindar.   A oontaot arm is faatonad 

rigidly to tha gimbal frama and ia provided with a spaoial, 

ooin-allvor, oontaot button.    A. oentering spring fastanad to 

tha eaaa at one and, is fastanad at tha other and to tha 

spaoial silver oontaot.   This is a dual purpose spring. 

Bssldes providing a alight oentering aotlon on tha gyro 

gimbal frama, it also serves as tha elaetrieal path from 

the gyro oase to the oontaot arm. 

Mounted on a bakelite molded end plate are two adjustable 

oontaot assemblies whioh extend dawn into the gyro oavity so 

that the oontaots are located opposite aithar side of tha 

spaoial ooin silver oontaot on tha oontaot arm.   Rotation of 

tha gyro gimbal frame on its pivots is meohaaieally stopped 

by the oontaots whenever the oontaot aim "makes" a ooataat. 

In order to avoid oontaot ohatter, a 0.008 inoh thiak 
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laaf extends along the eontaot faoe and is free to deflect 

about 0.010 lnoh before It la depressed against tha aolld 

backing of tha oontaet; bat, baoauaa of a apaolal hook oon- 

atraetlon, It la prevented from Boring away from tha oontaet 

more than 0.010 of an lnoh.    In thia faahlon, a atabla "soft" 

aontaat la obtained.    Tha angular rotation of tha glnbal 

frame from tha eantar position required to oloaa a oontaat Is 

generally ndjuatad to about one-half degree.    With thia 

adjuetaent of the oontaota, a rate of turn of about 0.85 

degree / aeo. la sufficient to oauae enough prooeealonal 

torque to overoome the alight aanterlng notion of the center- 

ing aprlng and oauae an aleotrioal oontaot to bo nade. 

Tha magnetlo biaalng assembly ia alao mounted on tha 

ease bakellte end plate.    Thia aaaaably oonalata of two 

6000 ohm ooils, wound with number 40 oopper wire, which are 

mounted in a magnetlo frame made of an iron alloy which haa 

almoat negligible hyatereaia.    A portion of tha magnetlo 

frame extending over the onda of both ooila ia piroted at 

tha eenter in differential relay faahlon on two burnlahad 

eteel plTota.    Rigidly faatened to the armature or movable 

portion of tha magnetlo frame ia a lever and fork assembly 

whioh extends down into the gyro cavity so that the prongs 

of the fork extend on either aide of a burnished stud whioh 

is riveted to the gyro glmbal frame.    WheneTer either of tha 

aolanoida la energized, the armature experlenoea a magnetlo 
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pall whioh tends to oeuae it to rotate oa its pivota.   Tola 

torque la transmitted to tho gyro global frame by means of 

the lever and fork.   Tba strength of tba biaa torque oauaad 

by a apaelflad ourraat In tba oolla oan ba adjusted by maana 

of two adjusting aorowa mounted In tba armature whioh ohanga 

tba sis* of tba air gap between the pole pieoea of tba ooil* 

and the magnetic portion of the armature.    By means of thla 

adjuatmant, the biaa force resulting from aaturation eur- 

rent (8 mlUiaiiperea) may ba adjuatad to balanoe the pre- 

oeaalonal torque created by any rate of turn between 1 and 

Is degreea/aeo.   The lever whioh transmits the torque to tba 

gyro glmbal fram baa a meohaaioal advantage of one-fourth., 

so that the movement of the gyro global frame required to 

eloae a oontaot will cause Tory little ehange in tba air gap 

between the armature and the ooil pole pieoea. * The Tory 

alight motion of the armature whioh oooura whenever a oontaot 

la olosad, oausea the amount of magnetio flux between tho 

ooil pole pieoea and the armature to ohanga slightly, tana 

ohanging the strength of the biaa foroe transmitted to too 

gyro global frame very allghtly.   The maximum "backlash" or 

ehange in foroe whioh oan oeeur aa a raaolt of thla aotloa 

is generally leas than Z% of the foroe tranamlttad to tho 

gyro glmbal frame by a aaturated algnal. 
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Si* ptrfimui and baharlor of tha autoaatlo pilot is 

•oaslaarably affootad by the aarodynaalo oharaatorlstlos of 

tha TOhlals la whlah it la lnatallad, and by tha typo of 

asrve systoa and honing lntolllganaa with whloh It la ussd. 

tk* following daserlptloa daala prlnaipally with tha por- 

foraaaaa of tba antoaatla pilot aa uaad la tha SWOD Mark 19 

vahlala and la aoaaootloa with tha SWOD Hark 4 aarro uait 

aad tha SWOD Mark a hoalag latslllgaaeo. A bloak diagram, 

of tha aoaplota aoatrol ayataai uaad la tha SWOD Mark 3* 

Yshlala la aaowa la flgnra 6. 

Slaaa tha turn gyro aad tha plteh gyro aro wry 

soasitlvo, a rata of roll and a rata of pltah aoffialoat to 

aanoa both tha turn gyro and tha pltah gyra to aaka aa alos- 

trlaal aoataat la alwaya praaant laawdlataly aftar tha 

ralaaaa of tha glldar froa tha avothar plaaa; aad a aorraotlTO 

dlaflaaaaoat of tha olavoaa la laawdlataly laltlatod. Aa 

sooa as tha glldar raapoada to thla oorraotivo dlaplaaaaoat 

by rovorslag tha aanaa of elthar tha rata of tarn or tha rata 

of pltah, tha partlnant gyro ravaraas Its algnal aad atarta 

tha oloroaa aoTing la tha oppoalta aanaa aatll tba rata agala 

rotoraaa. la thla way a foroad oaolllatloa Is dovalopod. IB 

taa oaao of tha roll atablllsatioa osalllatloa, both tha 

parloA aad tha aaalltuda of tba osalllatloa ara llttla affsotod 

by tha aoatrol atgnala raaaivad by tha turn gyro froa tha 
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homing lntolligonoo, but tbs angls of bank about whish tho 

glldsr osolllatos shifts proportionatoly **« angls of 

bank, Asa no signal for a turn is rsooivsd from to* 

lntolligonoo, to tbo angls of bank (say 48*) 

tbo bias from tbs homing latslllgsaoo lnorsasss to saturatiom. 

If tbs angls of Inclination of tbs gyro glmbal-; 

with rsspost to tbs longitudinal axis of tbo glldsr is 

imsrsasod, lag tbo tura gyro ssnsltlvs to roll, tbs 

tlats lag of tbs tura gyro la responding to a roTsrsal la tbo 

rato of roll of tbo glldsr is dooroasod, sausiag a sorrospoad- 

iag dooroass ia tbo awplltudo of tbs roll oscillation. If, oa 

tbo otbsr baud, tbs angls of lnellaatloa of tbo gyro glmbal- 

axis is dsoroasod, tbs plituds of tbo roll osoillatioa 

blag tbo point at whlsh tbo glldsr will iasrsaso, fiaally 

will sspsiso. With a gyro axis iaoliaatloa of 18 dogroos, tbo 

amplitudo of tbo roll osslllatloa of tbs glldsr has boon found 

to bo around 9 dogroos sad tbo poriod ond. 

tiaw lag in tbo arisos mainly from tbo nooossity 

of allowing tbo gyro rotor to prosoos tbo glmbal 

1 and 8 dsgrooo vravorsing tbo spaoo botwoon aoataots. 

If tbo spaolng botwooa tbs gyro ooataots la laorsaaod, tbs 

tints lag lnorsasss eoasldorably* Additional tiaw lag ia 

iatroduood into tbo ooatrol systam by tbs slsvoa ssrvo unit. 

ssrvo unit lag is sauaod by a lag of tbo tio olatohas 

ia rospoadlag to an slsstrloal signal 

001IIS1IIUL 
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ud by piny in tha sorvo wait gaaring sad its IMNUM 

la an oaalUatory systoa of this typa, it la avidant 
tlutt unlaaa tba tlaa lags of ttaa eoatrol systan in raapoading 
to Both dlreatlona of it ar* tba 'aouinv* In 

tba avaraga of roll will oaaur. Tlaa laga affaotiag poaltlon 

tba roll-atablllution oaalllatlon originate mainly either la 

tha turn gyro or in tho eleven servo unit. In ttaa aarro unit, 

unbalaneed laga may ba iatroAuoad by unequal tlaes of operation 

of tba laft and right turn aagnetie elutobes or by unequal 

ita of friatlon In tba gearing for tba laft and right 

ita of tha elevens* In tba gyre unit, an unbalanaad 

ba aanaad by a. atatla biaa oaeorrlng whan no tlaa lag 

algnal for a aorraatlon in received tba intalllganao 

dariaa ant whan no rato of turn In present to whleh tba gyro 

la aanaltlTa. thla bins ba aanaad by a aeobanleal on- 

plTot axis, by tba gyro aontaats not 

balenee of tha biasing lever and gyro noveaent about 

gyro, glabal-fra 

balng evenly spaaed about tba spring aantarad poaltlon of 

tba aotttast am, or, furthermore, by n bias appllad by tho 

blaaing alaatronagnats to tho gyro glabal fraaa whan equal 

aurranta ara paaalng through tho two opposing olootronagnots. 

whenever for any raason tba tlaa laga of tha eontrol 

ayatanv for both dlrootlona of roll ara not tha aaaa, tba 

glUer will not oaaillata Jn roll about saro angla of bank 
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whaa ao aignal la notlnt froa tha latalllgaaoo darlea, tat 

will oaolllato about aa aagla of bank auoh that tha rata of 

yaw dua to tha aagla of hank will eauaa a bias juat oufflolaat 

to baiaaoa tha blaa oauaad by tha uabalaaea la tlaa laga. 

Tor aon-homlng flighta, whara tha path la ooatrollad only by 

tha gyro lafomatloa, tha aaTlwia rata of drift la aslauth 

haadlag that aay ba oauaad by unbalaaoaa la tha eoatrol 

ayataa la about oaa-half dagraa par aaoond. la tha oaoa of 

hoalng fllghta, an unbalanced tlaa lag la tha aoatrol ayataa* 

aauaaa a ooaataat angular arror la tha flight path. for a 

ayataa la whloh tha homing latalllgaaaa aaturataa at 6 dagraa* 

dapartura from tha targat 11a*, tha —•»•<-•*• angular arror that 

aay ba oauaad by unbalaaoaa la tha aoatrol ayataa la about 

1 dagraa. 

Tha tura gyro oanaot aaaaura tha aagla af bank of tha 

glldar dlraotly. It auat dapand upon tha rata of yaw whloh 

la davalopad for aay glvon aagla of bank to oanaa a praoao- 

aloaal foroa la tha tura gyro that will oppoaa tha blaa for** 

froa tha hoalng latalllgoao* that laltlatad tha turn aaaauvar* 

Thua, If It 1* daalrad that a glvon blaa aignal froa tha hoa- 

lng Intalllganoa produoo a oortala aagla of bank of tha 

glldar, It la avldont that tha rata of yaw of tha glldar for 

that aagla of bank auat always ba tha aaaa. Howovar, with 

tha gllda-boab thla la aot tha oaaa. 7a a hoalng flight, 

tha alr-epaod of tha glldar la aad* to ahaaga graatly; and, 
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tharafora, tha rata of yaw aaeaapanylag any giron aagla of 

bank also ohaagaa oonaldarably.   Tha turn gyro ana* to 

adjusted to llait tha naxlaur rata of turn la aeeordaaoa 

with tha ooadltiona of flight glrlng tha alnlana of 

ability,   fbla aeaaa that for tha lewar alr-apeada, tha angle 

of bank of tha glider aanaad by a aataratad hosing latelli- 

geaoe algaal will ba laaa than it wooU to for tha highs* 

air-speeds. 

In addition, alaaa tha anto-pllet anat dapand upas tha 

rata of yaw to Halt tha angls of of tha glldar, tha 

rata that tha glldar Is allowad to by tha 

gyro mat ba alow enough to giro tha rat* of yaw tin* to 

dOYOlOp. 

Tha relationship between tha 

trenenltted to tha gyro glabal- 

mat of blaa torque, 

by th* magaatla blaalag 

alaatromagnata, and tha eaouat of aurrant pasalag through tha 

alaotroBagnata dapanda upon tha la whloh tha blaa 

aorrant la appllad to tha gyro* If, aa waa dona In on* typa 

of radio eontrollad glldar, tha blaa aurrant la aant through 

only ona of tha blaalag alaotronagnats at a tlaa, then tha 

blaa torque (and thua tha rata of raaponaa paralttad of tha 

glldar) rarlaa rary aaarly aa tha aauara of tha aurrant pass- 

ing through tha blaa -eleotroaagnet. Thla ralatlonahlp la 

ahowa grapbloally by aurraa "A" and "9 la flgora 9. However, 

la th* honing glldara, otfrxenta flow through both bias 

coin DIM T III 
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electromagnets aimultaneoualy, with the sum of the two our- 

renta always remaining fixed at a mlUlemperee. The oondltlom 

for zero blaa torque oooura whan 4 mllllamperaa flow through 

oaah of tha two oppoalng blaa eleotromagneta* Then aa a blaa 

signal la applied and Increased, the currents very differen- 

tially, with the ourrent in one electromagnet decreasing below 

4 mllllamporea and with the ourrent In the other elaotranagoet 

Increasing above 4 mllllamperee until, at saturation, one 

current falls to 0 mllllemperea and the other current rises 

to 8 mllllemperea. Tor this method of applying bias ourrents, 

the bias torque transmitted to the gyro glmbal-frame varies 

directly as the difference between the currents flowing la tha 

two electromagnets. This relationship Is shown graphically 

by curve "0» la figure 9. Ourve "0" may be obtained by adding 

algebraloally the ordlnates of curve "if and ourve "B». Since 

the current output of the homing Intelligence devloe Is 

approximately dlreotly proportional to the angular error la 

heading of the glider, the rate of correction permitted by tha 

gyro will be also dlreotly proportional to the error In oourse. 

A special type of Iron alloy that Is free from hysteresis 

effects Is used for the magnetic frame of the blaa eleotro- 

magneto la all of the production gyros. Consequently, with 

these gyros, tha blaa torque applied by the blaa electromagnets 

to the gyro glmbal-frame la Independent of the previous history 

of current flow through-tha bias eleotromagnets; and any glvem 
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vain* of blaa current will always cause the at of 

blaa toroue. In early experimental modal*, 

ilal relay colls uaad aa the eleetromagaeta. 

hystereels effects were praaant la aoma dagraa. Whlla thaam 

effects alone mere not atroag enough to seriously Impair the 

accuracy of a honing flight, they aara an added aouraa off 

-"aojulat" error, and thay mada the gyroe moan mora difficult 

ta adjust and oalltoata at tha factory. *ae aorta given la 

figure 10 tna effect of hysteresis In af thaaa early 

experimental madala upon tna rata af tarn permitted by tha 

gyro control andar tha lnfloanaa of varying amonata af blaa 

In tha oaaa of tha prodnetlon gyres, this aaaa 

i merely a atralght line aa ehoan by eurre "<*• la 

flgare 9. 

When tha blaa gyro damping notion la superimposed upon 

tha earreat blaa supplied to the turn gyre by the homing In- 

telligence, tha ratea af eerreetlon permitted by the tan 

are very greatly effected, the eurrea given In figure 11 

the offeet of the blaa gyro ahunt upon the blaa toreue 

tranamltted ta the gyro glmbal-freme of the turn gyre. The 

abeeleaaa are the angular errora In heading of the glider ta 

aha right and to the left of the target when the homing 

Intelligence device la adjusted to give saturation, dlffi 

tlal eurrent output for an error of 6 degrees. Oirve "if 

tranamltted to the glmbal-freme ahem. 
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tli* biaa gyro ahunta tte right-turn •l*otroaagn*t of tte tun 

gyro, and ourv* "B» shows tba bias torou* transmitted to tte 

glmhal frame when tha blaa gyro ahunta th* l*ft-turn eleetro- 

•sgnet of th* torn gyro.   Whan twitter •lsateomagn**/ la 

shunted, th* blaa torque transmitted to th* glmbal-fram* is 

shorn by th* atralght-llaa ourv* (euro "(*>) is th* Biddl*. 

In th* prooeaa of homing and damping oat a yaw oaolllation, 

tha torauea applied bo th* turn gyr* glmbal-fram* follow 

eurr* *JB* during on* dlraotlon of yaw and ourv* "B» durisg 

th* otter dlraotlon of yaw.   Tte path of SU***SS1T* torauss 

would more oloekwia* around loopa of d*or*aaing ais*, moving 

up along OUTT* "B» and down along ourr* "JP.   If tte rat* of 

yaw falla balow th* minimum rat* r*aulr*d to *los* a bias gyro 

oontaot, than th* torqusa will follow (in *lth*r dlraotlon) 

th* Taluaa glT*n by ourr* "0».   Th* *urv*s ahown in flgur* U 

ar* plottad on th* aaaumption that th* relationship b*tw**s 

tte milliemperea differential output from th* hosing latelll- 

g*no* d*Tie* and tte angular error in tesdlng la strictly 

linear with a aharp "outoff" st aaturation. 

Th* indlTidual eomponents of tte autosatio pilot ar* 

adjuat*d at tte faotory to glv* tte daalrad ratas of oorr**- 

tion In response to differential *urr*nts applied to tte bias 

•l*etroB*gn*ta.   A apeaial t*at atand la uaed to adjust ant 

•allbrate tte oosponsnt gyros.   Tte stand is •quipped with 

tte following itamat    a praoision, variable-speed turn-table| 
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•t dlroot ourraat oapabla of applying any ourraat 

0 and 10 milll«poraa to tba alaa olootromagaota; 

proalalon motors for —wring tba enmot; and a aouroo of 

aaotioa. tlgnro U la a photograph of a toat stand that la 

uaod to adjuat ana oalinrata aha oaaponont gyros. Appondix 

X la a oopy of tba toat spooifioatlon followod at tba 

Baaalx Aviation Corporation, whsro tba production somponontB 

of tba automatic allot were manufactured and adjusted. Aftor 

tba adjustment at tba factory ao further adjustment of tba 

gyro nr-f" *• •**• •* *V time. In tba field, a Tory 

almple electrical obaak la performed to toat tba "sense" of 

tba aoatrol slgnale aaat from tba automatic pilot to tbo 

sorro-unlt lm response to processional and homing algoal 

aatloa. At tba aama tlmo, tba auto-pilot la obaokad to 

determine tbat ao undno blaa la present for tba condition 

when tba glider is stationary and when equal ourrenta 

(4 milllemperes) from tba boning lntolllgoneo ara flowing 

aaab ohannel of tba antomatio pilot. 

| 
1 
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Teat Specification 

Torn Control OTTO tromt  l^M 

X. Whenever the pressure and temperature existing at the 

time of the teat is not speolfled definitely, It is 

understood that the teat la to be aade at atmospnarls 

pressure (approximately 29.92 Inches of mereury) and 

at a room temperature of approximately 80*0. 

are made at an atmospheric'pressure -or room 

differing materially from the above values, proper al- 

lowance shall be made for the difference from apeolfled * 

oondltlona. • . 

The lnatrumenta unless otherwise specified ahall be 

mounted with the Case filter Connection open Is a 

vertical plane downward and ahall not be Tlbrated or 

tapped while teat readings are being taken. 

HOTS: All testa shall be performed with the gyre operating 

under a auction of 2 inches of mercury unlearn c^hwrwlae 

specified. All tests ahall be made with a relief valve 

installed in the instrument case. 

XX. Teat ttmiimwnt 

1. A suitable turn stand shall be used Xor testing the 
e 

Instrument such that rates- of turn between 10* asm 

22• per minute and'between 100* and 280* per 
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be obtained.. 

S. A source of dlreot eurrent shall b« used, oapabls of 

applying any eurrent between 0 and 10 mllllamperes 

to tha eleotronagnets. 

The eurrent aball bo oapabla of being applied to 

either or both eleotromagnets as desired. The oir- 

ouit shall include a mUllammeter which will indioate 

eorrent in the eleotromagnets to within 0.08 mllli- 

amperes. Beslstanees shall be arranged so that the 

ourrent can be rarled in either eleotromagnet to the 

required amount as listed herein. 

3. The elrouit shall ineorporate neon lights whieh will 

indioate when instrument eontaots are olowed. 

III. .nd|Ttfua,a Ttf*t 

Kaoh Instrument shall be subjeoted to the following testst 

1. Static Balance: With the instrument in any operating 

position and the gyro not spinning and the instrument 

lightly tapped, the eontaots shall not "make". 

8. Starting friction; with the instrument in normal 

position, Stationary, and not being subjeoted to 

vibration, a suotion of not more than 0.S inohes of 

meroury shall oause the gyro to rotate. 

8. Dmamlo Balance; When the instrument is stationary 

and in any one position with the gyro operating under 

proper suotion.whlle the instrument is lightly tapped, 

COiriDlKIil 
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no instrument oontaot shall be made* 

4. Scale Error Testt 

a. Contact Setting: With no current applied to the 

eleotromagnets, the indicating lights shall 

"Bake" when the instrument is rotated about Its 

vertical axis at the rate of turn of 11* to 16* 

per minute. The rates of turn to the left and 

right shall not differ by more than ±2.4# per 

minute. The contact shall be eoneldered as 

"made" when the light la on 90 percent of the 

time. The oontaot shall be considered as 

"broken" when the light is off more than 80 

pereent of the time. 

b. Ilootromannot Balance: During this test, the 

gyro shall be spinning under the operating 

euotlon, but the instrument shall be stationary. 

Apply 4.0 mils, ourrent to the right electro- 

magnet and rary the ourrent in the left electro- 

magnet until the indicating light lndloates 

oontaot. The ourrent in the left electromagnet 

shall be within the limits specified In Table I. 

Repeat the test, applying a constant ourrent of 

4.0 mils, to the left electromagnet and Tarying 

the ourrent In the right electromagnet until 

oontaot is indicated. The ourrent in the right 
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eleotromagnet shall be within the Units speci- 

fied in Table I and it shall not differ from the 

indicated eurrent in the left electronagnet la 

the first part of this test by more than the 

difference specified in Table I. 

This test shall be performed and the condition 

of this test' satisfied with the instrument mounted 

in two positions; in the normal position and In a 

position rotated 90* eounterolookwise as viewed 

from the front, 

e. Control Torn Testa With the Instrument in a 

nozmal position, apply a eurrent of 8.0 mils* to 

the left eleotromagnet. Rotate the Instrument to 

the left about its vertical cds. Vary the rate 

' of turn until the balance point of the contacts 

is indicated. The rate of turn should not exceed 

the toleranoe specified in Table I. With the 

eurrent of 8.0 mils, in the right eleotromagnet, 

rotate the instrument to the right and repeat the 

test. The rate of turn to the right should net 

ted the toleranoe specified in Table I.. 
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table I - Scale Krror tolaraanaa 

b) llootroaasnot Balance 

11* to l»*/ala. 
±2.4»/*in. 

Difference 

Side 
currentfarTation 
Difference 

4.00 ±0.60 ails. 
±0.10 ails. 

4.00 ±0.60 ails. 
±0.*0 alls. 

U» to 16*/aU. 
±t.4*/aia. 

4.00 ±1.00 alls. 
±0.S0 alia. 

4.00 ±1.00 alls. 
±040 alls. 

o) Control tors 180* ±10*/ala. U0* ±6*/ala. 

.5.   Case Isanit    la a suitable Banner, close off the a'lr ia- 

taka and the "relief valve" connection,    the suction 

oonneotlon eball be connected to a aercury amnoaeter 

and a scuroe of suotlon.   a suotlon of 10 lnohes of 

aareury shall be applied to the eaae.   With the sows* 

of auction olosed off, the Level of the aaaoaater shall 

not drop more than 0.4 lnohee of aareury la a period 

of one minute. 

6.   fttr Tiff"   Oonaoot **• lnatruaent to a suitable air 

flow gauge.   Apply * auction to the laatnaaat «attl 

a flow of l.o en. ft./aln. la Indicated.   Suetloa at 

the eaae of the lnatroaeat should be g.0» *0.S* S* 

-0.0" St- 

The following testa shall be perforsed oa at least five 

out of every fITS hundred lastruaanta or fraction tharaef 
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Tosts shall bo parforaod ia tin following 

Tha lnatx tat shall ba subjootod to 

-50*0. for thrao hours. with tha 

aalataiaad at -50#C, th* inatroaont shall 

bo sabjoetod to too following tostst 

a* Oontaot Sotting: The instrument shall ba tested 

for oontaot setting In tha same as specified 

la Booties. SIV port 4a. rato of torn to tha 

loft and right shall not ezeeed tho value specified 

In Table XX. Tho difference batooon tho ratas of 

torn to tho loft and right shall not 

toloroneo given in Table II. 

tested for oloat. in tho 

ir similar to Sootlc position only and in a • 

XXX. part 4b. Tho biaoing enrraata to oporato tho 

loft and right oontoots shall bo within tho limits 

spoelflod in Tablo XX, 

oppooito 

tho earrent in tho 

is maintained at 4.0 ails. 

indleatod eurraats for loft and right eleetro- 

shall not dlffor by aoro than tha dlffer- 

spoelfiod in Tabla XX. 

o. Control Torn: Tho inotntaoat Shall ba tastad ia 

tho similar to Sootion XXX, part 4o, 

OOlflDIITlll 
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that tto rate of ton ahall be within the llalta 

epeolfled in Table II.   The ratea of tun for 

loft and right torn abnll not dif for by 

tbo toloranoo epeolfled In Tablo II* 

Table H - low Tanacretnro Toloranaee 

a) Contaot Sottlaa 
sirrerenoe 

b) Klaotronaanot 

«) 

u« to so*M»* 
M.eVbia* 

Difference 

tm 

atlon 4.00 ±0.90 alia. 
±0JW alia. 

180« «80*/aia. 
i&4a/aln. 

Pitch Pyre 

U" to I0*Mn. 
±4.e«/aU. 

4.oo ±1.5 alia. 
±0.50 alia. 

ISO* ±so*/ala. 
i£4*/aln. "Cffferenoe 

t. w*|pi *«^poratnroi With the tyro not operating, tat ia- 

atrument shall bo subjeoted to a taaporaturo of *71"0. 

for a period of two houra. Bo damage to tbo instrument 

anall roault from tnia teat. 

S. Vibration* With tna gyro operating bat no current in 

the eleotramegnete or oontaota, tbo instrument ahall 

be mounted on a vibration atand which oan vibrato at 

a frequency of 800 to S00O CFM and whloh oan oanao a 

point on the instrument eaae to deaerlbe a circle of 

0.003" to 0.005" diameter in a plane 45* from verti- 

cal. The inatruaenta ahall bo vibrated for a period 

of three houra at »00 CDX and ahall doacriba a olrela 

of 0.009" to 0.005" diameter, no damage anall reeolt 

from tnia teat. 
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4. flSlULSSS* following the high temperature eat 

vibration tuti, tha unit shall be subjected to tha 

following testa la a alaller to Seetioa HI. 

a. Oontaet Bottlnat In* instrument •hall be testet 

tor ooataot aattlng la tha aa speoi- 

fied la aaotloa XXI, part 4a. tha rataa of torn 

to tha left'eat right shall ba within tha Malta 

specified la Table XXX. difference 

tha rates of turn to tha left right ahall ae% 

tha tolaraaaa specified la Tabla XXX. 

Instruments ahall ha 

tested for electromagnet halaaee la two positions 

la a « similar to Saotioa XXI, part 4b. 

The current to operate tha left and right oontaete 

ahall ba within the limits speolfled la Tabla XXX 

tha current la the opposite electromagnet la 

at 4.0 alia. biasing eurreate for 
the laft and right electromagnets shall not differ 

by aore than tha difference speolfied in Tabla XXX. 

Control Tarai    Tha lnstruaaata ahall be tested la 

a Banner similar to Seetlon XXX, part 4e, ezoept 

that tha rate of turn shall be within the limits 

speoiflad la Tabla XXX.   Tha rates of turn for 

left and right ton shall not differ by mere than 

tha tolaraaaa allowed la Table XXX. 
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H9LS9SS       PP*'   V* 

the pros tad lanporatoro eclating at tlw 

tlaa of the tMt is not apeelfled definitely, It la 

aaaeratood that the teat 1* to be Bade at ataoapherle 

pressure (approxlaatiely 89.9B lnohee of aaronry) end 

a* a teaperatore of approxlaately sO*C   When teata 

at an etawapherle preai or rooa 

differing materially **«• the above valaes, proper alp 

loamBoe aball be Bade for the dlffereaee from apeelfled 

ooadltloas. 

fas laatmaents aball be mounted with the azia of the 

oaaa filter opening la a vertical plane op, and nnleaa 

otherwise apeelfled, eball not be vibrated or tapped 

anile teat readlnga are being taken* 

MOTS: All teata will be perfoxaed with the gyro operat- 

ing under a motion of s inches of aeroury onleaa 

etberwlae apeelfled. All teata aball he aade with a 

relief valve installed In the oaaa. 

W 

A suitable torn stand aball be aaed for testing the 

last: mt euoh that rates of turn between 8* 

at* per minute any ha obtained. 

The olreult aball lneorporate lights whloh will 

ooiriDiiiui 
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ladleate when 

XXX, Individual tmti 

the following teeta ahall be performed on eaah units 

X. Btatle Balanoot With the Instrument In any operating 

poaltton and tha gyro •** aplaalng and the lnetrwaoat 

lightly tapped, tna oontaota ahall not ": 

• . y^|i>*«iin f»^^on: Vita tna lnatruaent la 

position, stationary, and not being aubjeeted to 

vibration, a auction of not more than 0.e laoheo 

of mercury ahall eauaa tha 4710 to rotata. 

1.   »T"*»V» BHW<>f» tna la atetloaary 

and In any poaltlon with tha gyro 

propar auction, while tha iutrument la UcMXjr 

no instrument aontaat ahall ha aada. 

••   flaala Krror tost*   Tha Indicating lights ahall 

whan tha instrument la rotated about lta Tartlaal axis 

at a rate of turn between «• par minute and 16* par 

minute,   tha rates of turn to tha loft and right ahall 

not differ by than ****• par minute. 

•hall bo eonaldered aa made tha light la on M 

pereent of tha time, tha eontaot ahall be 

the light la off 

of tha time. 

Cane loafct    In a aultabla m 

Intake and the relief valve 

SO 

•r, eloae off the al» 

OtlflSlIlUl 
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•hall 1M oonnoetod to • 

of motion. A motion of 10 

aoroury ahall bo applied to tha ease. With tho 

•onroo of motion oloaod off, tho levol of tho 

thon 0.4 lnol •tor ahall not Crop 

In • porlod of 

0.   AJrJQow:   Ooanoot tno laatronont to n mltnble air 

flow Apply • motion to tno Inatranont antil 

• flow of 1.0 on. ft ./kin. la laftloatod.   •notion at 

tho 

-0.0* 

of tho ahonlA bo ».0» flg *0.3" nft 

If. 

followlns toota ahall bo parfomad on at loaat flwa 

fiva 

Vaata ahall bo 

ton of -00*0. for 

aalatalnod, tho 

or fraction thavaof 

in tho following 

ahall bo mbjootod 

honra. with tha 

ahall bo toatad 

in tha 

ratoa of 

St* par 

•r aa apoolfiod la Soetlon 8, part d. 

to tha loft and right ahall not 

to tho laft and right ahall not ±43* 
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operating shall be aubjeeted to a temperature of 

+71*0. for a period of two hours. Mo d 

instrument shall raault from this tast. 

to the 

8.    Vlbratloni    Tha instrument with tha gyro operating 

shall ba mounted on a vibration stand whisk son vi- 

brate at a frequency of 500 to 8000 QSM, and whleh 

oan eanaa a point on tha instrument eass to dssoribs 

a eirole of 0.009* to 0.005" in a plans 45* from 

vertical.   Tha instrument shall ba vibrated for a 

period of three hours at 1800 CDC and shall deeorlbe 

a eirole of 0.008* to 0.005" diameter,   lo 

shall result from this test. 

Scale toon   following tha high temperature and 

Tibratlon tests, the unit shall be tasted for contact 

setting in a manner similar to Section 8« part 4, 

except that tha indicating lights shall "make" wham 

the instrument is rotated about its vertical axis at 

• rats of turn not exoeedlag IS" per minute.   The 

rates of torn to the left and right stall net tiffs* 

than 48.0* par 
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FIG. 60     Orientation of Turn Gyro 

FIG. 6b      Oritntotlon of Pitch Gyro 

FIG. 6c     Orientation of Biot Gyro 

POSITION   OF GYROS IN  SLIDER 

FIG. 6 
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